F unctional neuroimaging studies have consistently observed prefrontal hypermetabolism or hyperperfusion in untreated patients with obsessive-compulsive disorder and after provocation of obsessive-compulsive symptoms. Medication or neurosurgical treatment normalizes prefrontal hyperactivity (1, 2) .
Directly altering prefrontal activity with repetitive transcranial magnetic stimulation might affect obsessive-compulsive disorder symptoms. A pulsed magnetic field induces electrical currents in cortical structures, influencing their function. Repetitive transcranial magnetic stimulation of the motor cortex produces muscle potentials or movement, occipital repetitive transcranial magnetic stimulation produces phosphenes or visual extinction, and stimulation of Broca's area produces speech arrest (3) . Prefrontal repetitive transcranial magnetic stimulation can affect memory (3) and mood (4) in healthy individuals and may act as an antidepressant (5). We investigated whether prefrontal repetitive transcranial magnetic stimulation influenced obsessivecompulsive disorder symptoms.
METHOD
Twelve right-handed patients with DSM-III-R-diagnosed obsessive-compulsive disorder participated in the study. Six were women, and the mean age of all 12 patients was 36.9 years (SD=10.2). Four were unmedicated; eight remained on stable regimens of paroxetine (three patients were taking 30-40 mg/day) or fluoxetine (five patients were taking 40-100 mg/day). The medicated patients had been receiving the drugs for at least 8 weeks. Mean Yale-Brown Obsessive Compulsive Scale, Hamilton Depression Rating Scale, and Hamilton Anxiety Rating Scale scores were 19.8 (SD=9.7), 9.1 (SD=7.5), and 8.6 (SD=6.3), respectively. Six patients met criteria for current or past major depression. All gave written informed consent. Because of the seizure risk induced by repetitive transcranial magnetic stimulation, individuals with a history of seizure or head trauma and those receiving medications that lower the seizure threshold (e.g., tricyclics) were excluded from study. Patients were told that their symptoms might remain unchanged, worsen, or improve after stimulation.
We used a Cadwell High Speed Magnetic Stimulator and a figure-eight-shaped coil (3) to administer the repetitive stimulation (80% motor threshold, 20 Hz/2 seconds per minute for 20 minutes). Stimulation sites were located in relation to the optimal left motor cortex site for producing a right abductor pollicis brevis contraction with single pulses. The left lateral prefrontal site was de-fined as 5 cm anterior and 2 cm inferior to this; the right lateral prefrontal site was the contralateral site equidistant from the midline. The occipital cortex site was midline, 10 cm posterior to the abductor pollicis brevis site. The motor threshold, determined individually by sequentially reducing pulse intensity, was set at 2% below the value at which five successive pulses produced no visible abductor pollicis brevis contraction. Thirty minutes after each session, patients left the clinic, allowing expression of situationally dependent obsessive-compulsive disorder symptoms.
For symptom ratings we used a modified National Institute of Mental Health self-rating scale, including an anxiety subscale, two 7-point obsession and compulsion ratings, and a 100-mm visual analog scale describing mood (worst ever to best ever), administered by a researcher blind to stimulation site.
For statistical analysis we used repeated measures analysis of variance (ANOVA) for site, with Hunyh-Feldt adjustments for nonsphericity, and single-degree-of-freedom contrasts to evaluate specific time-dependent changes. Repeated measures ANOVA of baseline ratings revealed no significant carryover effects.
RESULTS
All patients completed the study. Discomfort (rated with a 100-mm visual analog scale) was nonsignificantly higher after right and left lateral prefrontal than after occipital repetitive transcranial magnetic stimulation. Two patients reported mild headache 1-3 hours after stimulation. One experienced a patchy vibratory central vision distortion during each occipital stimulation train.
Compulsive urges decreased from baseline after right lateral prefrontal repetitive transcranial magnetic stimulation (F=7.00, df=3, 33, p<0.01); specifically, during stimulation (F=13.34, df=1, There was a modest increase in positive mood after right lateral prefrontal repetitive transcranial magnetic stimulation (F=2.85, df=3, 33, p=0.05), mainly during stimulation (F=5.65, df=1, p<0.03) and 30 minutes afterward (F=6.69, df=1, p<0.02) (figure 1). Left lateral prefrontal and occipital stimulation did not affect mood. Positive mood ratings were higher after right than after left lateral prefrontal stimulation 30 minutes (F=5.65, df=1, 11, p<0.01) and 8 hours (F=8.52, df=1, 11, p<0.05) after stimulation.
DISCUSSION
Prefrontal repetitive transcranial magnetic stimulation had modest, site-dependent effects on compulsions, which were reduced during right lateral prefrontal stimulation and for at least 8 hours afterward. In contrast, effects of left lateral prefrontal and occipital stimulation on compulsive urges were transient and nonsignificant. The improved mood after right lateral prefrontal stimulation is consistent with effects in healthy volunteers (4) .
Obsessions appeared unaffected by repetitive transcranial magnetic stimulation. Although compulsions were reduced more than obsessions in one neurosurgical treatment series (6), obsessions and compulsions usually respond equally to neurosurgery (2) .
Neuroanatomical influences in obsessive-compulsive disorder may be lateralized. In one study (7), right and left orbitofrontal perfusion had opposite correlations with symptom provocation. Other studies (1, 8) suggested that obsessive-compulsive disorder treatment produces predominantly right-sided changes in cerebral activity or in correlations between prefrontal and basal ganglia metabolism. A retrospective analysis of capsu- Although placebo effects were possible, we found no significant effects of repetitive transcranial magnetic stimulation at an occipital site not implicated in obsessive-compulsive disorder, and we found few effects after left compared with right prefrontal stimulation. Moreover, neither patients nor investigators anticipated the lateralized effect on compulsions. The effects were statistically significant but relatively small in magnitude. Whether larger effects are possible in more severely affected patients, or with different site placement and stimulus measures, remains to be further explored. Direct stimulation of the orbitofrontal cortex, an area consistently implicated in obsessive-compulsive disorder, is not possible with this technique. Precise site localization likely varied because we used a standard distance from the motor cortex.
Since most studies find hyperfrontality in obsessivecompulsive disorder, our results suggest that right prefrontal stimulation possibly disrupted compulsion-related activity. Other measures of prefrontal function could provide important confirmatory information in subsequent stimulation investigations. These preliminary findings suggest that repetitive transcranial magnetic stimulation, apparently a safe probe of cortical mechanisms, might have affected structures influencing obsessive-compulsive disorder symptoms.
